Objective This study is performed to explore the pathological characteristics and oncologic outcomes of T1 multifocal renal cell carcinoma (RCC). Methods The clinical data of 600 patients (442 males and 158 females) between the age of 29 and 73 years, diagnosed with T1 RCC were collected from three hospitals in China, out of which 421 cases had undergone nephron-sparing surgery (NSS) and 179 cases had undergone radical nephrectomy (RN) between December 2010 and January 2015.
Introduction
Renal cell carcinoma (RCC) accounts for 2-3% of all human cancers and has an annual increase rate of approximately 2% globally [1] . Following the wide-range use of ultrasound (US) and computed tomography (CT) that aid the diagnosis of RCC, there has been a rapid increase in the number of RCC cases, especially for the T1 renal tumor [2] . Most RCCs involve solitary renal tumors, and multifocal RCC is estimated to occur in 5-25% of the patients who undergo surgery due to renal malignancies [3] [4] [5] [6] [7] . The most effective and widely used treatment for T1a renal tumors is nephronsparing surgery (NSS), which provides long-term oncologic outcomes similar with radical nephrectomy (RN) as well as 1 3 a lower risk of renal insufficiency to avoid dialysis [8] . The substitution of RN with NSS for T1 RCC remains controversial at present due to the local recurrence and multicentricity associated with it. In this study, we aimed to investigate the pathological characteristics of T1 multifocal RCC, including tumor size, number, histological pattern, and satellite tumor nodules, in addition to prognosis of T1 multifocal RCC.
Materials and methods

Patients
After obtaining approval from hospital review boards, this study was performed in three hospitals in China. We retrospectively reviewed the medical data of patients with T1 RCC who had undergone NSS or RN in these three institutes from December 2010 to January 2015. According to the function of ipsilateral or contralateral kidney, tumor location and the requirements of patients, the majority of cases received NSS, and the minority of patients received RN, because they had such ipsilateral renal disorders as calculus, poor tumor location or the strong will of patients. Each patient was preoperatively evaluated with US and CT. The inclusion criteria were as follows: the patients were diagnosed with T1 RCC and preoperative images and postoperative pathological findings confirmed the presence of multifocal RCC. The patients with synchronous bilateral tumors, or with a solitary kidney were excluded, along with patients with familial or hereditary history of renal cancers.
Clinicopathological assessment
Following the surgery, surgical specimens were fixed in formalin, and reviewed by the 2 genitourinary pathologists. The RCC specimens were routinely sectioned at approximately 3 mm intervals and stained with hematoxylin-eosin. The tumors were measured in number and the maximal diameter, and the number of satellite tumor nodules was counted. We also measured the distance between the tumor nodules and the main tumor. The 2010 TNM classification criterion was used to assign the tumors into their respective stages based on clinical and pathological findings [9] . Patient's first follow-up was 6 months after surgery, during which physical examination, routine blood work, serum chemistry tests, and abdominal US and chest imaging were conducted. Then CT scanning was performed in the 1st, 3rd, 5th year, and US was performed in the 2nd and 4th year. Elective bone scanning, or magnetic resonance imaging was employed when clinically indicated. Tumor recurrence, regional lymph nodes or distant metastasis was monitored. The death of individual was confirmed by death certificates alone, and the cause of death had to be RCC demonstrated on the death certificate to reduce bias of cause of death.
Statistical analysis
For statistical analysis, Pearson's Chi-square test and Fisher's exact test were performed to assess the association between categorical variables. The Kaplan-Meier method was performed to calculate survival functions. Two-sided p value < 0.05 was considered as statistical significance. All statistical analyses were performed using SPSS v.17.0 (SPSS Inc., Chicago, IL, USA) by one of the authors.
Results
A total of 600 individuals were recruited in the study, including 442 males and 158 females between the age of 29 and 73 (years), with a mean age of 58 years, 324 tumors in the right kidney and 276 in the left. Among them, 421 cases underwent NSS, and 179 cases underwent RN. For the 421 patients that underwent NSS, 42 received open approach and 379 received laparoscopic approach. During surgery, the renal artery was clamped for all of them. Of the 600 patients, 32 cases were multifocal, with 14 cases of clear cell tumors, 15 papillary tumors, 1 chromophobe tumor and 2 Xp.11.2 translocation RCC (Table 1 ). It was found that these tumors contain at least one smaller accompanying tumors around the primary tumor ( Fig. 1 ), and some even had 8 accompanying tumors according to the examination of gross pathological specimen (Fig. 1c) . Based on the microscopic examination results, we found some primary tumors had at least one smaller accompanying tumor nodule, sometimes one ( Fig. 2a) , sometimes two (Fig. 2b) , even three (Fig. 2c) . However, occasionally, the accompanying tumors were similar with the primary tumor in size (Fig. 2d) . All of the tumors were localized at the cortex. Out of the 32 cases, 11 had satellite tumor nodules with the number ranging from 1 to 4 and a mean pathological size of 3 mm (range 2-5 mm). The mean distance from the predominate tumor was 2 mm (range 1-7 mm) ( Table 2 ). The follow-up of the whole cohort was 45-80 months (median = 60 months). During the follow-up, there were 4 patients who had died of cancer (2 underwent NSS, remaining 2 RN) out of the 32 individuals with multifocal renal tumors (p = 0.48) (Fig. 3a) . Out of the 421 patients who had undergone NSS, 13 of them presented with recurrence, 2 with multifocal renal tumors, and 11 with monofocal renal tumors, respectively (p = 0.13) (Fig. 3b) and only in 1 patient, metastasis was observed.
Discussion
T1 RCC, limited to the kidney, is commonly defined as a neoplasm that presents with a diameter of less than 7 cm upon abdominal imaging. Multifocal tumors are particularly challenging to operate on, as there is at least one smaller tumor around the predominate tumor. Previously, RN was the primary therapeutic strategy for these individuals [10] .
Owing to the rapid development of surgical techniques, NSS has been reported to be used for multifocal renal tumor in recent years, including robot-assisted NSS for sporadic ipsilateral multifocal renal tumors [11] . In general, there is variety of options for NSS, including open NSS, laparoscopic NSS, or even robot-assisted NSS. However, oncologic outcome of sporadic multifocal RCC treated with NSS was unsatisfactory. Due to the mulitfocality nature of the tumors, it is theoretically possible for residual tumors to still be present after the surgery. However, most studies have shown that NSS did not increase the rate of tumor recurrence, as well as cancer-specific survival [12] [13] [14] . Our study identified 21 patients with multifocal RCC who had undergone NSS presented with recurrence and 11 who had undergone RN. There was no significant statistical difference in the 5-year cancer-specific survival rate for NSS and RN, which was found to be 90.48% and 81.82%, respectively (p = 0.48). There were multiple findings associated with the satellite tumor nodules, including the inability of satellite tumor nodules to be detected by US or CT scanning preoperatively [5] . In addition, most satellite tumor nodules could not be identified by gross examination during operation as well. Therefore, the presence of satellite tumor nodules may be a risk factor for tumor recurrence on the basis of these findings. During clinical follow-up, there were few recurrence cases contradictory to our hypothesis. However, after measuring the distance from the primary tumor to satellite tumor nodules, we found that more than 80% of tumor nodules are within 4 mm from the primary tumor. The traditional suggestion of surgical marginal width was at least 1 cm of normal kidney tissue around the mass [15] . According to this standard, almost all the satellite tumor nodules will be removed during NSS. Later, some studies proposed that if the tumor was completely resected, the margin less than 5 mm around the tumor was also feasible for small renal mass by NSS [16] . However, due to the presence of satellite tumor nodules, a surgical marginal width of at least 1 cm of normal kidney tissue around the mass was found to be the most reasonable. The best surgical marginal width still needs further research. Another indication of a minimally invasive approach for multifocal RCC was suggested in the present study. Out of the 420 patients who had undergone NSS, 13 had recurrence, 2 had multifocal RCC, and 11 had monofocal RCC. No significant difference was observed between them (p = 0.13). We also analyzed the positive surgical margin (PSM) that was important factors for tumor recurrence, and found 1 PSM for multifocal RCC, and 12 PSMs for monofocal RCC, respectively, considering the fact that the PSMs were rare, we did not calculate the p value. It seemed that multifocal RCC has a higher rate of PSMs (3.13% of multifocal RCC vs. 2.29% of monofocal RCC), which may be related to satellite tumor nodules. Since satellite tumor nodules could not be identified by gross examination during NSS, there was a high possibility of being incised during surgery. However, the recurrence of those cases was rare during clinical follow-up, which was thought to be related to one of the two reasons. First, surgeons typically used argon-beam coagulation in the NSS bed to achieve satisfactory renal parenchymal hemostasis after tumor resection, which also destroys potential cancer cells [17] . Second, T1 RCC commonly grows more slowly, especially for clear cell tumors and papillary tumors. Although the recurrence rate of multifocal RCC was low, surgeons still should pay attention to it, especially for the RCC with satellite tumor nodules. The location of some tumor nodules were distant from the primary tumor, and ectopic recurrence may occur after NSS. In our study, 2 cases out of 21 patients with multifocal RCC who had undergone NSS suffered from relapse, and both of them were ectopic recurrence. We hypothesized it may be related to satellite tumor nodules.
After the analysis of the histological pattern of multifocal RCC, we found papillary tumors accounted for the largest proportion (46.88%), followed by clear cell tumors, and Xp.11.2 translocation RCC with 2 out of the 32 cases of multifocal RCC. Chromophobe tumors accounted for the least proportion, with only one case presented. This finding was different in comparison to some of the suggestions listed in previous studies. A previous study included 2569 patients with renal tumors, among whom 97 were identified with unilateral synchronous multifocal RCC, 87 with clear cell tumors and 59 with papillary tumors [18] . Another study also found similar results, with clear cell tumors having the highest proportion when compared to that of papillary tumors in multifocal RCC (68.8% vs. 18.8%) [19] . However, the two studies mentioned above did not distinguish the stage of RCC, whereas our study was only specific to T1 RCC, which might have resulted in the inconsistency with our findings, along with the sample size. Papillary tumor is the second most commonly occurring morphotype of RCC, and has a better prognosis than clear cell tumors [20] . Papillary tumors accounted for a high proportion of T1 multifocal RCC and might be associated with the good prognosis after NSS. However, we also found 2 cases of Xp.11.2 translocation RCC in this cohort, 1 of them recurred in 10 months after NSS. Xp11.2 translocation RCC is a biologically aggressive RCC with an unfavorable prognosis, which is more common in females under the age of 40 years, and men older than 50 may have the worst prognosis [21] . Distant metastasis and node metastasis often occur after surgery of NSS for Xp11.2 translocation RCC. Targeted therapy did not have obvious efficacy for this patient [22] . To avoid this clinical outcome, surveillance after NSS is extremely important.
Based on observations and evaluations made during the study, due to the low incidence of T1 multifocal RCC and the highest proportion of papillary RCC, which has a better prognosis, we recommend a minimally invasive approach such as laparoscopic NSS for T1 multifocal RCC. The presence of satellite tumor nodules may be a risk factor contributing to ectopic recurrence. T1 Xp11.2 translocation RCC requires thorough surveillance after NSS to obtain the more satisfactory prognosis.
Although our study provided an insight on the therapeutic option most effective in the treatment of T1 multifocal RCC, there were some limitations to it. First, since this was a retrospective multi-center study, inclusion criteria and surgical resection range were difficult for standardization, thereby it may have caused several potential biases. Second, the best way to examine the multifocal tumors is to perform a complete pathological examination for tissue sections after radical resection of the kidney. Since there were no large tissue sections studied in this group, the multifocality ratio may be lower than the actual situation, due to the low incidence of T1 multifocal RCC. Third, the relatively small sample sizes may lead to a higher heterogeneity of the research. Finally, our follow-up time may be short.
Conclusion
Taken together, in multifocal renal tumors, papillary carcinoma may be more commonly occurring than clear cell carcinoma according to the pathological examination findings. The recurrence rate and survival rate of multifocal RCC were similar to monofocal tumors after surgeries. Tumor recurrence may be related to satellite tumor nodules that cannot be detected before surgery.
